In order to determine whether thyrocyte responsiveness to TSH is correlated with postoperative thyroid status, thyrocytes obtained from 51 patients with Graves' disease were cultured for 3 days. This was followed by culture with 10 mU/mL of TSH (TSH group) or without TSH (control group) for 3 additional days. On the 8th culture day, the amount of thyroglobulin (Tg) secreted into the culture medium was assayed and the Tg ratio (amount of Tg from the stimulated group/amount of TG from the control group) was calculated.
Abstract.
In order to determine whether thyrocyte responsiveness to TSH is correlated with postoperative thyroid status, thyrocytes obtained from 51 patients with Graves' disease were cultured for 3 days. This was followed by culture with 10 mU/mL of TSH (TSH group) or without TSH (control group) for 3 additional days. On the 8th culture day, the amount of thyroglobulin (Tg) secreted into the culture medium was assayed and the Tg ratio (amount of Tg from the stimulated group/amount of TG from the control group) was calculated.
Logio (the Tg ratio) was used for the statistic study. post-operative thyroid status. Among these, the size of the thyroid gland remnant is considered to be the main prognostic determinant and it is generally agreed that thyroid gland remnants that are too small or too large cause post-operative hypothyroidism and hyperthyroidism, respectively [1] [2] [3] , but the optimum size of the thyroid gland remnant which causes all patients to be euthyroid after surgery has not yet been determined [4] [5] [6] [7] . Noguchi et al. reported that the post-operative status could not be determined by the weight of the present thyroid gland remnant [8] .
In a previous study, we reported that cultured thyroid cells obtained from patients with Graves' disease secreted thyroglobulin (Tg) into the culture medium with or without TSH and that the Tg ratio (amount of Tg secreted by the cells cultured with TSH/without TSH) differed from case to case [9] . In the present study, it was found that the Tg ratio, which has not been considered a postoperative prognostic determinant, was correlated with the post-operative thyroid status more closely than the size of the thyroid gland remnant.
Materials and Methods
Thyroid tissues obtained from patients with Graves' disease who underwent subtotal thyroidectomy at the Noguchi Thyroid Clinic and Hospital Foundation from 1992 to 1994 were used for the present study.
The surgical technique was strictly standardized and intended to leave a from 6 to 8 g thyroid gland remnant [10] . The weight of the thyroid remnant was estimated by weighing a plastic mass of almost the same size as the remnant.
The cell culture was done as reported previously [9] . In brief, for the first three culture days thyroid cells were cultured without TSH, then cultured with 10 mU/mt of TSH (stimulated group) or without TSH (control group) for an additional 3 days, in an atmosphere of 5% C02. The culture medium was changed once a day until the 6th culture day. On the 8th culture day, the amount of thyroglobulin and cyclic AMP secreted in the culture medium and the peroxidase (P0) activity of thyrocytes were measured as reported previously [9] . The Tg ratio of the TSH-stimulated to non-stimulated groups was calculated and Logio (the Tg ratio), which showed a normal distribution (Shapiro-Wilk W test W=0.970582, Prob<W=0.38), was used for statistical analysis.
Ratios of cAMP and PO activity were calculated in the same manner.
Based mainly on the follow-up data for serum free T3 (FT3) and free T4 (FT4), the post-operative thyroid status was classified into hypothyroid (low FT3 and/or FT4, or receiving thyroid hormone therapy), euthyroid (normal FT3 and FT4 without medication) or hyperthyroid (high FT3 and/or FT4, or receiving anti-thyroid hormone therapy). In the present study, latent hypothyroid and latent hyperthyroid status were included in the euthyroid category.
In total, 62 thyroid glands were cultured, although 11 of the 62 were followed up for fewer than 5 months after surgery.
The data for these patients were not used because post-operative transit hypothyroidism occurred shortly after surgery [11] .
Therefore, the data from 51 patients were used for the present study. The post-operative followup period of these patients was 10.7 ± 2.8 months (mean ± SD) after surgery.
Chi-square test and an ordinal logistic regression model were used for the statistic analysis.
In the ordinal logistic regression analysis the probability of hypothyroid status (Pro(hypo)) is calculated as Pr(hypo)=1 /(1+exp( -(a1+Tbi*xi))), where a1 is intercept 1 and bi is the coefficient for variable xi. Similarly, the sum of probabilities of hypothyroid and euthyroid status (Pr(hypo+eu)) is calculated as Pro(hypo+eu)=1 / (1+exp(-(a2+Tbi*xi))), where a2 is intercept 2 and bi is the common coefficient for variable xi.
Informed consent relating to the risk of operation and the use of surgically removed material was obtained from all patients. Table 1 shows the post-operative thyroid status. During the follow up period, 18 (35%), 29 (57%) and 4 (8%) patients were diagnosed according to the status categories for hypothyroid, euthyroid and hyperthyroid, respectively. The age distribution and sex ratio of the patients were not significantly different among these 3 groups. Fig. 1 shows the chronological changes in the mean serum TSH concentration in patients before and after surgery. All patients had low
Results
preoperative TSH values, but the postoperative TSH concentration was the highest in post-operative hypothyroid patients, high in euthyroid patients, and not increased in post-operative hyperthyroid patients. Fig. 2 shows the chronological changes in the mean serum TSH-binding inhibitory immunoglobulin (TBII) in patients before and after surgery. TBII did not seem to be useful in differentiating the post-operative thyroid status. Fig. 3 shows the logistic regression for postoperative thyroid status and the estimated weight of the thyroid gland remnant (rem). When the rem was 2 g, the probability of the patient being hypothyroid was about 0.4. Statistically, there was no correlation between the post-operative thyroid status and the rem (probability of whole model test=0.7, values for estimated parameter a1, a2, and b1=-0.28, 2.80 and -0.06, respectively). Fig. 4 shows the logistic regression for the postoperative state and Logio (the Tg ratio). When the Tg ratio was 2.0 (Logio (Tg ratio) =0.3), the probability of the patient being hypothyroid was Logistic regression for post-operative thyroid status (A=hypothyroid, B=euthyroid, C=hyperthyroid) and weight of thyroid remnant (g). 75%. As the Logio value (Tg ratio) increased, the probability of being hypothyroid decreased rapidly, but the probability of being euthyroid and/or hyperthyroid increased. A significant relationship existed between the post-operative thyroid status and the Logio value (Tg ratio) (probability of whole mode test=0.005, values for estimated parameter a1, a2 and b1 were 2.42, 5.8 and -3.76, respectively).
The ratio of c-AMP or peroxidase activity showed the same tendency as that of the Tg ratio but no statistically significant correlation was found between these ratios and the post-operative thyroid status. Table 2 shows the result of multivariate analysis with the ordinal logistic regression model. Among the factors for logio (TG ratio), rem, TBII obtained before the operation, gender and age of the patients, only Logio (Tg ratio) was statistically significant (P=0.008, 95% confidential interval=-6.950N -1 .136).
Discussion
In the present study, only 57% (95% confidence interval 42%-71%) of the patients became euthyroid after surgery.
This incidence was lower than that reported by Toft et a1., who found that 80% were euthyroid 12 months after surgery [11] . In another series reported by the Noguchi Thyroid Clinic and Hospital Foundation, however, 90.6% became euthyroid after surgery [12] . This figure does not differ from data reported by other hospitals [13, 14] . Therefore, the low euthyroid rate observed in the present study might have been due to sampling errors independent of the current hypothesis. The presence of 11 censored cases (most of them were considered to be euthyroid), selection of enlarged thyroid glands to obtain enough amount of thyroid tissue for culture study, and the shortness of the observation periods after the surgery [11] might be related to the higher incidence of post-operative hypothyroidism.
In the present study, the nearly horizontal regression line in Fig. 3 shows that no relationship was found between the estimated weight of the remnant thyroid gland and post-operative thyroid status.
Accordingly, within the weight range of the thyroid gland remnants employed in this study, the post-operative status could not be determined by the weight of the remnant.
This result was identical with that of the previous study [8] , although the methods of analysis and the subjects used were different in these two studies.
In contrast, the Tg ratio correlated well with the post-operative thyroid status as shown in Fig. 4 . Under the present culture conditions, thyroid cells did not increase [9] . Therefore, the Tg ratio indicates the response of thyrocytes to TSH en masse and the conclusion of the present study is that patients with low-response thyrocytes tended to be hypothyroid. As the response became higher, the patients tended to be euthyroid and/or hyperthyroid. This conclusion clearly explains the post-operative change in the serum TSH concentration.
After surgery, not only thyroid tissue but also thyroid stimulating immunoglobulin decreased [13, 15] , both causing a decrease in the thyroid hormone level. Therefore, endogenous TSH increases to produce thyroid hormones. If thyrocytes do not respond to TSH, the thyroid hormone level does not increase (hypothyroid state). This results in increasing TSH. Conversely, highly responsive thyrocytes produce an excessive level of thyroid hormones even at subnormal levels of TSH (hyperthyroid state). In this instance, TSH does not increase. In the case of post-operative hyperthyroidism, the presence of other thyroid stimulating factors might be considered [16] , but no clear relationship was seen between thyroid stimulating factors and relapse of hyperthyroidism [17, 18] .
In the present study, no statistically significant relationship was found between the histology of the thyroid gland and the post-operative status (data not shown 
